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(7) ABSTRACT

The present invention provides several apparatus, methods,
and computer program products for determining a corrected
distance between an aircraft and selected runway, such that
the corrected distance may be used for ground proximity
warning calculations. Specifically, the present invention
includes a processor that receives data related to the coor-
dinates of the aircraft and a selected runway. Based on these
coordinate values, the processor determines a coordinate
distance between the aircraft and selected runway. The
processor also compares the altitude of the aircraft to a
predetermined glideslope constructed about the runway.
Specifically, the processor calculates a distance value that
corresponds to the altitude of the aircraft above the runway
along the predetermined glideslope. The processor compares
the coordinate distance and the calculated distance values
and selects either the coordinate distance or the calculated
distance value as the corrected distance between the aircraft
and the selected runway. For instance, in one embodiment,
the processor compares the coordinate and calculated dis-
tance values and selects the larger of the values as the
corrected distance between the aircraft and the selected
runway. The present invention also provides a processor for
determining a look ahead distance value for ground prox-
imity warning calculations. The processor of this
embodiment, initially determines differing look ahead dis-
tance values based on the corrected distance to the runway,
ground speed of the aircraft, and the actual roll angle of the
aircraft. The processor compares the three look ahead dis-
tance values and selects the smallest of the look ahead
distance values for use in the ground proximity warning
system.

24 Claims, 10 Drawing Sheets
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METHODS, APPARATUS AND COMPUTER
PROGRAM PRODUCTS FOR DETERMINING
A CORRECTED DISTANCE BETWEEN AN
AIRCRAFT AND A SELECTED RUNWAY

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/118,222, filed in the name of Kevin
J Conner and Steven C. Johnson on Feb. 1, 1999, the
complete disclosure of which is incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention relates generally to ground prox-
imity warning systems for use in aircraft. More particularly,
the apparatus, methods, and computer program products of
the present invention relate to determining a corrected
distance between an aircraft and a selected runway to
thereby account for the altitude of the aircraft above the
selected runway as the aircraft approaches the runway.

BACKGROUND OF THE INVENTION

An important advancement in aircraft flight safety has
been the development of ground proximity warning systems.
These warning systems analyze the flight parameters of the
aircraft and the terrain surrounding the aircraft. Based on
this analysis, these warning systems provide alerts to the
flight crew concerning possible inadvertent collisions with
terrain or other obstacles.

Two important aspects of ground proximity warning
systems are the need to operate independent of user input
and the need to reduce the number of nuisance alarms
provided to the flight crew. In light of this, at least one
ground proximity warning system has been developed that,
for the most part, operates independent of user input and
provides mechanisms to reduce the number of nuisance
alarms published to the flight crew.

Specifically, to operate independent of user input, this
ground proximity warning system continuingly selects a
runway that is near the current position of the aircraft. The
global coordinates and elevation of the selected runway are
used by the ground proximity warning system for ground
proximity warning calculations. For instance, the ground
proximity warning system uses the flight parameters of the
aircraft, such as the position, altitude, ground speed, track
and heading of the aircraft, and the global coordinates and
elevation of the selected runway to construct terrain clear-
ance floor envelopes about the aircraft. Based on these
terrain clearance floor envelopes, the ground proximity
warning system provides alarms to the flight crew of any
impending intersection of the flight path with terrain or
obstacles.

In addition to aiding in the generation of terrain clearance
floor envelopes independent of user input, the selected
runway is also used to reduce the number of nuisance alarms
generated. Specifically, the ground proximity warning sys-
tem alters the terrain clearance floor envelopes based on the
distance between the aircraft and selected runway to prevent
the occurrence of nuisance alarms. As the aircraft
approaches the selected runway, the terrain clearance floor
envelopes are typically altered to reflect a landing approach
pattern for the aircraft. Alteration of the terrain clearance
floor envelopes based on a landing pattern reduces the
number of nuisance alarms generated.

The ground proximity warning system also uses a
restricted look ahead distance to reduce the occurrence of
nuisance alarms. The restricted look ahead distance repre-

10

15

20

25

30

35

40

45

50

55

60

65

2

sents a distance ahead of the aircraft in which the ground
proximity warning system will provide warnings to the flight
crew. By restricting the distance in front of the aircraft for
which alarms are generated, the number of nuisance alarms
is reduced.

The number of nuisance alarms is also reduced by basing
the value of the look ahead distance as a function of the
distance between the aircraft and the selected runway. As an
aircraft approaches a runway for landing, the ground prox-
imity warning system reduces the value of the look ahead
distance based on the proximity of the aircraft to the selected
runway. Specifically, as illustrated in FIG. 1, the ground
proximity warning system typically uses the coordinate
distance 14 between the aircraft 10 and selected runway 12
for ground proximity warning calculations. With reference
to FIG. 2, the ground proximity warning system determines
the look ahead distance value by comparing a distance
between the aircraft and selected runway to a look ahead
distance equation, such as the equation depicted graphically
in FIG. 2:

LADpg. 1o runway=(3-25/6)(Distance to Runway)-0.3333,

for look ahead distance (LAD) values between 0.75
nm=LAD=4 nn corresponding to distances between the
aircraft and runway of 2 to 8 nm. The look ahead distance
equation is designed to reduce the look ahead distance of the
ground proximity warning system as the aircraft approaches
the runway to thereby reduce nuisance alarms.

While the use of a selected runway for terrain clearance
floor envelopes and look ahead distance calculations is
advantageous as it allows the ground proximity system to
operate independent of the user input, there are some draw-
backs. Specifically, because the ground proximity warning
system does not receive user input concerning the destina-
tion of the aircraft, as the aircraft approaches the selected
runway, the terrain clearance floor envelopes and look ahead
distance value are typically reduced as though the aircraft is
landing on the selected runway. Although reduction of the
look ahead distance value and terrain clearance floor enve-
lopes is advantageous for reducing nuisance alarms when
the aircraft is actually landing on the runway, it may be less
advantageous when the aircraft is merely flying near the
runway en route to another destination.

To address this problem, the conventional ground prox-
imity warning system typically places a lower limit on the
look ahead distance value, if the aircraft has an altitude with
respect to the runway that is greater than a predetermined
altitude. For example, if the altitude of the aircraft above the
runway is greater than 3500 ft, the ground proximity warn-
ing system may limit the look ahead distance value
(LADps. 10 Runway) 10 @ minimum value of, for example,
2.375 nm. As such, as the aircraft approaches the selected
runway, the look ahead distance value will be reduced by the
equation depicted graphically in FIG. 2 until the look ahead
distance value is equal to the minimum look ahead distance
value, i.e., 2.375 nm, at which point the look ahead distance
value is no longer reduced, as depicted in dashed lines.

Although limiting the look ahead distance value to a
minimum value based on the altitude of the aircraft above
the runway is advantageous, there are some drawbacks to
this approach. Specifically, the conventional ground prox-
imity system does not adjust the minimum look ahead
distance value for an aircraft that has an altitude with respect
to the runway that is significantly higher than the predeter-
mined altitude. For example, if the predetermined altitude is
3500 ft, an aircraft that is 20,000 ft above the selected
runway will have the same minimum look ahead distance
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value as if the aircraft is 3500 ft above the selected runway.
In light of this, a ground proximity warning system that
accounts for the altitude of the aircraft above the selected
runway in determining a distance between the aircraft and
selected runway for ground proximity warning calculations
would be desirable.

SUMMARY OF THE INVENTION

As set forth below, the apparatus, methods, and computer
program products of the present invention may overcome
many of the deficiencies identified with the use of the
distance between an aircraft and selected runway for ground
proximity warning calculations. The present invention pro-
vides several apparatus, methods, and computer program
products for determining a corrected distance between an
aircraft and a selected runway. Specifically, the present
invention selects either the coordinate distance between the
aircraft and the selected runway or a calculated distance
value as the corrected distance value for ground proximity
warning calculations. The calculated distance value is a
distance value calculated based on a mathematical relation-
ship between the altitude of the aircraft and a predetermined
glideslope. The predetermined glideslope value is a maxi-
mum glideslope, above which, the aircraft is most likely not
landing on the selected runway. The determination of the
corrected distance between the aircraft and selected runway
is therefore based on the aircraft’s altitude and position with
respect predefined glideslope.

Specifically, the predetermined glideslope defines a
glideslope angle above which the aircraft is most likely not
landing on the runway. If the altitude and distance of the
aircraft is such that the aircraft has a glideslope angle with
respect to the runway that exceeds the predetermined glides-
lope value, it is assumed that the aircraft is not landing on
the selected runway. In this instance, the apparatus, methods,
and computer program products select the calculated dis-
tance value, as opposed to the coordinate distance value for
ground proximity warning calculations.

By selecting a corrected distance value based on the
distance and altitude between the aircraft and runway and
the predetermined glideslope, the present invention can
alleviate some of the problems associated with using a
selected runway for ground proximity warning calculations.
Specifically, if the aircraft is positioned in relation to the
selected runway such that it is unlikely that the aircraft is
landing on the runway, the present invention selects a
calculated distance value for use in the ground proximity
warning calculations. This may be advantageous as the
calculated distance value accounts for the altitude of the
aircraft in relation to a predetermined glideslope.

The present invention provides several embodiments for
determining a corrected distance between an aircraft and a
selected runway. For example, one embodiment of the
present invention provides an apparatus and method for
determining a corrected distance between an aircraft and a
selected runway based on an altitude and distance of the
aircraft from the selected runway. The apparatus of this
embodiment includes a processor. In operation, the proces-
sor compares the coordinate distance between the aircraft
and selected runway and a calculated distance value calcu-
lated based on the altitude of the aircraft above the runway
and a predetermined glideslope. The processor selects either
the coordinate distance or the calculated distance value as
the corrected distance between the aircraft and the selected
runway based on a mathematical relationship between the
coordinate and calculated distance values. For instance, in
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one embodiment, the processor compares the coordinate and
calculated distance values and selects the larger of the values
as the corrected distance between the aircraft and the
selected runway.

As discussed above, the predetermined glideslope value
defines a predefined relationship between altitude and dis-
tance to the selected runway. In one embodiment, the
predetermined glideslope value is expressed by the equation:

X=(Ytan 6)

where

O=predetermined glideslope angle,

Y=altitude above the runway in ft, and

X=calculated distance value in ft.

In this embodiment of the present invention, the processor
determines the calculated distance value based on this
equation. The processor next compares the coordinate dis-
tance between the aircraft and the selected runway to the
calculated distance value. If the calculated distance value
exceeds the coordinate distance value, the processor deter-
mines that the aircraft has a glideslope angle with respect to
the runway that exceeds the predetermined glideslope value.
In this instance, the processor selects the calculated distance
as the corrected distance to runway value. Likewise, if the
calculated distance value is less than the coordinate distance
value, the processor determines that the aircraft has a
glideslope angle with respect to the runway that is less than
the predetermined glideslope value. In this instance, the
processor selects the coordinate distance as the corrected
distance to runway value.

The present invention also provides computer program
products for determining a corrected distance between an
aircraft and a selected runway based on an altitude and
distance of the aircraft from the selected runway. The
computer program products include a computer readable
storage medium having computer readable program code
means embodied in the medium. The computer-readable
program code means includes first computer instruction
means for comparing a coordinate distance value represent-
ing a distance between the global coordinate values of the
aircraft and the global coordinate values of the selected
runway to a calculated distance value calculated based on
the altitude of the aircraft above the runway and a prede-
termined glideslope. The computer-readable program code
means also includes second computer instruction means for
selecting one of the coordinate distance value and the
calculated distance value as the corrected distance between
the aircraft and the selected runway based on a mathematical
relationship between the coordinate and calculated distance
values.

The present invention also provides an apparatus and
method for determining a corrected distance between an
aircraft and a selected runway based on the position of the
aircraft with respect to an envelope constructed about the
selected runway, where the envelope represents a predeter-
mined glideslope angle. In this embodiment of the present,
the processor evaluates the altitude and distance between the
aircraft and the selected runway with relation to the enve-
lope constructed about the runway. If the aircraft is within
the envelope, the processor selects the coordinate distance
value representing a distance between the aircraft and the
selected runway. However, if the aircraft is outside of the
envelope, the processor selects a calculated distance value
calculated based on the altitude of the aircraft above the
runway and the predetermined glideslope.

Specifically, in one embodiment of the present invention,
to determine whether the aircraft is inside the envelope
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constructed about the runway, the processor compares the
coordinate and calculated distance values to each other. If
the coordinate distance value is larger than the calculated
distance value, the aircraft is inside the envelope. In this
instance, the processor selects the coordinate distance as the
corrected distance value used for ground proximity warning
calculations. However, if the coordinate distance value is
less than the calculated distance value, the aircraft is outside
the envelope, and the processor selects the calculated dis-
tance as the corrected distance value.

Selection of the calculated distance value for ground
proximity warning calculations when the aircraft is outside
of the predefined envelope is typically advantageous.
Specifically, the calculated distance value accounts for the
altitude of the aircraft above the selected runway. Further, as
the aircraft approaches the runway at a given altitude, the
calculated distance value will correspond to a distance to
runway value at the given altitude along the predefined
envelope, while the actual distance value between the air-
craft and selected runway will decrease. When the aircraft
exceeds the predefined glideslope, the calculated distance
value will correspond to a larger look ahead distance value
than the actual distance value. As such, if the aircraft
exceeds the predefined envelope, a larger look ahead dis-
tance value will be used for ground proximity warning
calculations.

In addition to determining a corrected distance between
the aircraft and a selected runway, the present invention also
includes apparatus and methods for determining a look
ahead distance value. In this embodiment, the processor
compares the corrected distance value to a ground speed
look ahead distance value and a roll angle look ahead
distance value. In this embodiment, the ground speed look
ahead distance value is based upon the ground speed of the
aircraft and an assumed turning radius of the aircraft, and the
roll angle look ahead distance value is based upon the roll
angle of the aircraft and an actual turning radius of the
aircraft. Based on this comparison, the processor selects one
of the look ahead distances for use in ground proximity
warning calculations. Specifically, in one embodiment, the
processor selects the smaller of the calculated distance
value, ground speed look ahead distance value, and the roll
angle look ahead distance value as the look ahead distance
value. The smaller of the look ahead distance values is
typically selected to provide the most conservative look
ahead distance to thereby reduce instances of nuisance
alarms.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view illustrating graphically the distance
between an aircraft and selected runway.

FIG. 2 is a graphic illustration of the look ahead distance
value as a function of the distance between an aircraft and
selected runway.

FIG. 3 is a block diagram of an apparatus for determining
a corrected distance between an aircraft and selected runway
according to one embodiment of the present invention.

FIG. 4 is a block diagram of the operations performed to
determine a corrected distance between an aircraft and
selected runway according to one embodiment of the present
invention.

FIG. 5 is also a block diagram of the operations performed
to determine a corrected distance between an aircraft and
selected runway according to one embodiment of the present
invention.

FIGS. 6A and 6B are side views respectively illustrating
graphically the determination of a corrected distance
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between an aircraft and selected runway based on the
position of the aircraft with respect to the runway according
to one embodiment of the present invention.

FIG. 7 is a block diagram of the operations performed to
determine a look ahead distance for use in ground proximity
warning calculations according to one embodiment of the
present invention.

FIG. 8 is also a block diagram of the operations performed
to determine a look ahead distance for use in ground
proximity warning calculations according to one embodi-
ment of the present invention.

FIG. 9 is a top view illustrating graphically the turning
radius and reaction time of an aircraft.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements
throughout.

For illustrative purposes, the various apparatus, methods,
and computer program products of the present invention are
illustrated and described below in conjunction with the
ground proximity warning system of U.S. Pat. No. 5,839,
080 to Muller, entitled “Terrain Awareness System” which is
assigned to the assignee of the present application. The
contents of U.S. Pat. No. 5,839,080 are incorporated herein
by reference.

FIG. 3 depicts many of the components of the ground
proximity warning system of U.S. Pat. No. 5,839,080 in
simplified block form for illustrative purposes, however, it is
understood that the functions of these blocks are consistent
with and contain many of the same components as the
ground proximity warning system described in U.S. Pat. No.
5,839,080. The ground proximity warning system 16
includes a look-ahead warning generator 18 that analyzes
terrain and aircraft data and generates terrain profiles sur-
rounding the aircraft. Based on these terrain profiles and the
position, track, and ground speed of the aircraft, the look-
ahead warning generator generates aural and/or visual warn-
ing alarms related to the proximity of the aircraft to the
surrounding terrain. Some of the sensors that provide the
look-ahead warning generator with data input concerning
the aircraft are depicted. Specifically, the look-ahead warn-
ing generator receives positional data from a position sensor
20. The position sensor may be a portion of a global
positioning system (GPS), inertial navigation system (INS),
or flight management system (FMS). The look-ahead warn-
ing generator also receives altitude and airspeed data from
an altitude sensor 22 and airspeed sensor 24, respectively,
and aircraft track and heading information from track 26 and
heading 28 sensors, respectively.

In addition to receiving data concerning the aircraft, the
look-ahead warning system also receives data concerning
the terrain surrounding the aircraft. Specifically, the look-
ahead warning generator is also connected to a memory
device 30 that contains a searchable data base of data
relating, among other things, to the position and elevation of
various terrain features and also elevation, position, and
quality information concerning runways.
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In normal operation, the look-ahead warning generator
receives data concerning the aircraft from the various sen-
sors. Additionally, the look-ahead warning generator
accesses terrain and airport information from the memory
device concerning the terrain surrounding the aircraft and a
selected runway-typically the runway that is closest in
proximity to the aircraft’s current position. Based on the
current position, distance to the selected runway, altitude
above the selected runway, speed, track, etc. of the aircraft,
the look-ahead warning generator generates terrain warning
and caution envelopes and generates alerts via either an
aural warning generator 32 and/or a display 34 as to terrain
that penetrate the terrain warning and caution envelopes. In
addition, the look-ahead warning generator generates a
terrain clearance floor and produces alerts if the aircraft falls
below the terrain clearance floor, such as during landing.

As discussed above, the present invention provides
apparatus, methods, and computer program products for
determining a corrected distance between an aircraft and a
selected runway. Specifically, the apparatus, methods, and
computer program products of the present invention com-
pare the distance and altitude between the aircraft and a
selected runway to a predetermined glideslope, which
defines a glideslope angle, above which the aircraft is most
likely not landing on the runway. If the altitude and distance
of the aircraft are such that the aircraft has a glideslope angle
with respect to the runway that exceeds the predetermined
glideslope value, it is assumed that the aircraft is not landing
on the selected runway. In this instance, the apparatus,
methods, and computer program products select a calculated
distance value, as opposed to a coordinate distance value for
ground proximity warning calculations. In this context, the
calculated distance value is a distance value calculated based
on a mathematical relationship between the altitude of the
aircraft and a predetermined glideslope, as opposed to the
coordinate distance value, which is a physical distance
between the aircraft and the selected runway.

By selecting a corrected distance value based on the
distance and altitude between the aircraft and runway and
the predetermined glideslope, the present invention can
alleviate some of the problems associated with using a
selected runway for ground proximity warning calculations.
Specifically, if the aircraft is positioned in relation to the
selected runway such that it is unlikely that the aircraft is
landing on the runway, the present invention selects a
calculated distance value for use in the ground proximity
warning calculations. This may be advantageous as the
calculated distance value accounts for the altitude of the
aircraft in relation to a predetermined glideslope.

As such, with reference to FIG. 3, an apparatus for
determining a corrected distance between an aircraft and
selected runway is illustrated. In one embodiment of the
present invention, the apparatus includes a processor 36
located in the look-ahead warning generator. The processor
may either be part of the processor of the look-ahead
warning generator or it may be a separate processor located
either internal or external to the look-ahead warning gen-
erator.

With reference to FIGS. 4 and 5, the determination of the
corrected distance between an aircraft and selected runway
is illustrated. Specifically, FIG. 4 is an operational flow
diagram, while FIG. 5 depicts the operations in block
diagram form. To determine a corrected distance between an
aircraft and selected runway, the processor initially receives
the altitude 38 of the aircraft from the altitude sensor 22,
shown in FIG. 3, and the elevation of the selected runway 40
from the searchable data base of the memory device 30,
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shown in FIG. 3. (See step 110). The processor first deter-
mines the altitude of the aircraft above the runway by
subtracting the altitude of the aircraft from the elevation of
the runway in a summer 42. (See step 120). The processor
next determines a calculated distance value based on the
altitude of the aircraft above the runway and a predeter-
mined glideslope value 44. (See step 130). The predefined
glideslope represents a predefined relationship, typically
defined in terms of a glideslope angle, between the altitude
above and the distance to the selected runway. In this
embodiment, the calculated distance value is determined by
applying the altitude of the aircraft above the runway to the
predefined glideslope. The distance to the runway corre-
sponding to the altitude along the predefined glideslope is
the calculated distance value.

The processor also determines a coordinate distance
value. Specifically, the processor receives data concerning
the global coordinates of the aircraft from the position
sensor 20, shown in FIG. 3, and the global coordinates of the
selected runway from the searchable data base of the
memory device 30, shown in FIG. 3. (See step 140). The
processor generates a coordinate distance value 46 repre-
senting a distance between the global coordinate values of
the aircraft and the global coordinate values of the selected
runway. (See step 150). The processor compares the coor-
dinate and the calculated distance values with a comparator
48, (see step 160), and selects with a selector 50 one of the
distance values as the corrected distance between the aircraft
and the selected runway based on a mathematical relation-
ship between the coordinate and calculated distance values.
(See step 170). For example, in one embodiment of the
present invention, the processor selects the larger of the
coordinate distance or the calculated distance values as the
corrected distance value between the aircraft and the
selected runway.

FIG. 5, illustrates a comparator and selector for determin-
ing a corrected distance to runway. It must be understood
that these may be separate components or they may repre-
sent functions performed by the processor.

As discussed above, the present invention determines a
calculated distance value based on the positional relation-
ship of the aircraft with respect to the selected runway. The
calculated distance value is based on the relationship of the
altitude of the aircraft with respect to a predefined glides-
lope. Specifically, the processor of the present invention
compares the altitude of the aircraft to the predefined
glideslope and determines a calculated distance. For
example, in one embodiment, the predefined glideslope is
defined by the following equation:

X=(Ytan 6)

where

O=predetermined glideslope angle,

Y=altitude above the runway in ft, and

X=calculated distance value in ft.

In this embodiment of the present invention, the processor
initially determines a predetermined glideslope angle
between the aircraft and the runway. (See step 100). The
predetermined glideslope angle is typically dependent upon
the type of aircraft. Specifically, aircraft typically approach
a runway for landing at a desired or recommended glides-
lope angle. Glideslope angles exceeding these desired or
recommended limits may be dangerous for landing. For
example, many commercial aircraft have a maximum glides-
lope angle of 6 or 7°, while smaller aircraft have desired or
recommended glideslopes in the range of 3 to 7°. The
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present invention typically selects a predetermined glides-
lope that is either a maximum or near maximum glideslope
angle for landing the aircraft.

For example, in one embodiment, the predetermined
glideslope angle is 6°. In this embodiment, the predeter-
mined glideslope 44, shown in FIG. §, is a line defined by
the equation:

Y=m(X)+b

or in instances where there is no offset in the Y direction, i.e.,
b=0, then

Y=(1 nm/600 f)(X)

where
Y=calculated distance to runway in nm, and

X=altitude of the aircraft above the runway ft.

In this embodiment, the processor determines the altitude
of the aircraft above the selected runway, (see step 120), and
using the predetermined glideslope angle and the altitude
above the runway, determines a calculated distance value.
Specifically, using the above equation for a glideslope of 6°,
the processor applies the altitude (X) and solves for the
calculated distance to runway (Y). The processor next
compares the coordinate and the calculated distance values
and selects the larger of the distance values as the corrected
distance between the aircraft and the selected runway. (See
step 170).

As discussed above, the apparatus and method of the
present invention use the comparison of a calculated dis-
tance value to a coordinate distance value to determine
whether the aircraft has exceeded a predefined glideslope
and to determine a corrected distance to runway. FIGS. 6A
and 6B further illustrate this determination. Specifically,
FIG. 6A illustrates an instance where the aircraft 52 is
located inside a predefined glideslope 54. In this
embodiment, the predefined glideslope is 8=6°, which rep-
resents a maximum desired glideslope for landing of the
aircraft. To determine the corrected distance value, the
processor first determines the altitude 56 of the aircraft
above the runway. (See step 120). The altitude of the aircraft
is then applied to the equation:

X=(Y/tan 6)
or
X=(altitudeftan ©6°).

As indicated by the dashed lines, the processor essentially
places the aircraft on the predetermined glideslope 54 at a
position 58 corresponding to the altitude of the aircraft. This
process generates a calculated distance value 60 between the
position 58 of the aircraft on the predetermined glideslope
and the selected runway. (See step 130).

The processor also determines a coordinate distance
value. Specifically, the processor next generates a coordinate
distance value 62 representing an actual or physical distance
between the global coordinate values of the aircraft and the
global coordinate values of the selected runway. (See step
150). The processor compares the coordinate 62 and the
calculated distance 60 values and selects the larger. This
comparison determines the position of the aircraft with
respect to the predetermined glideslope and which distance
value should be used for ground proximity warning calcu-
lations. Specifically, in this instance, the coordinate distance
value 62 is larger than the calculated distance value 60
indicating that the aircraft is within the predefined glides-
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lope. As such, the processor selects the coordinate distance
value as the corrected distance between the aircraft and the
selected runway for use in ground proximity calculations.
(See step 170).

FIG. 6B illustrates an instance where the glideslope of the
aircraft with respect to the runway has exceeded the prede-
termined glideslope 54, i.e., the aircraft would have to
exceed the predetermine glideslope angle in order to land on
the selected runway. In this instance, when the processor
applies the altitude of the aircraft to the equation, the
processor again essentially places the aircraft on the prede-
termined glideslope 54 at a position 58 corresponding to the
altitude of the aircraft. This process generates a calculated
distance value 60 between the position 58 of the aircraft on
the predetermined glideslope and the selected runway. (See
step 130).

After the processor has determined a calculated distance
value, the processor next generates a coordinate distance
value 64 representing a distance between the global coor-
dinate values of the aircraft and the global coordinate values
of the selected runway. (See step 150). The processor next
compares the coordinate 64 and the calculated distance 60
values and selects the larger. This comparison determines
the position of the aircraft and which distance value should
be used for ground proximity warning calculations.
Specifically, in this instance, the calculated distance value 60
is larger than the coordinate distance value 64 indicating that
the aircraft has exceeded the predefined glideslope. The
processor selects the calculated distance value as the cor-
rected distance between the aircraft and the selected runway
for use in ground proximity calculations. (See step 170). As
such, in instances where the aircraft nears the selected
runway, but is at a position with respect to the runway that
exceeds the predetermined glideslope, a corrected distance
is used for ground proximity warning calculations.

Selection of the calculated distance value for ground
proximity warning calculations when the aircraft is outside
of the predefined envelope is typically advantageous.
Specifically, the calculated distance value accounts for the
altitude of the aircraft above the selected runway. Further, as
the aircraft approaches the runway at a given altitude, the
calculated distance value will correspond to a distance to
runway value at the given altitude along the predefined
envelope, while the actual distance value between the air-
craft and selected runway will decrease. When the aircraft
exceeds the predefined glideslope, the calculated distance
value will correspond to a larger look ahead distance value
than the actual distance value. As such, if the aircraft
exceeds the predefined envelope, a larger look ahead dis-
tance value will be used for ground proximity warning
calculations.

In addition to providing apparatus and methods, the
present invention also provides computer program products
for determining a corrected distance between an aircraft and
selected runway. The computer program products have a
computer readable storage medium having computer read-
able program code means embodied in the medium. With
reference to FIG. 3, the computer readable storage medium
may be part of the memory device 30, and the processor 36
of the present invention may implement the computer read-
able program code means to determine a corrected distance
between the aircraft and selected runway as described in the
various embodiments above.

The computer-readable program code means includes first
computer instruction means for comparing a coordinate
distance value representing a distance between the global
coordinate values of the aircraft and the global coordinate






